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Background and Objectives: As one of the antioxidant enzymes,
ascorbate peroxidase (APX) has an important role in the defense system of
plants against environmental stresses and is effective in regulating the
concentration of hydrogen peroxide (H,O;) in plant cells. APX
decomposes hydrogen peroxide in order to prevent plant damage. During
various environmental stresses, antioxidant enzymes such as APX increase
in different plant parts such as fruit. Of course, the rate of biosynthesis of
this antioxidant enzyme depends on the intensity and duration of stress in
the plant. Considering the importance of the presence of this enzyme in
plant structures, this study was conducted to investigate the maximum
activity of ascorbate peroxidase enzyme at different levels of surfactants
and chaotropes.

Materials and Methods: This research was carried out in the research
laboratory of Payam Noor University of Kurdistan. In order to prepare the
extract from strawberries and blackberries, in the presence of 0.1 M citrate-
phosphate buffer with pH 7 and 0.02 phenylmethanesulfonylfluoride
solution as a protease inhibitor, the fruits were homogenized separately. To
investigate the effect of different ionic and non-ionic surfactants as well as
chaotropes from 0 to 1 sodium dodecyl sulfate (SDS (ionic surfactant),
0 to 30 sodium-cholate (ionic surfactant), 0 to 0.3 sarcosyl (ionic
surfactant) 0 to 0.07 Tween 20 and Tween 80 (nonionic surfactant) and
0 to 30 urea and guanidine hydrochloride (chaotropic agents) were used
and the activity of ST.APX and BM.APX was measured. Also in the
presence of constant concentrations of ascorbate and H,O,, the type of
APX inhibition was determined by kojic acid. In order to determine the
best response of ascorbate peroxidase activity to different levels of the
studied treatments, linear and non-linear regression analysis was used. To
fit the non-linear regression models, the procedure of Procnlin was used in
the software environment (SAS) using the iterative optimization method
and GraphPadPrism software.

Results: Based on the results of this research, for the ascorbate substrate
used in the APX measurement in the extracts prepared from strawberry
(ST.APX) and blackberry (BM.APX), the optimal pH is 6.7 and the
catalytic efficiency of BM.APX, is about 1.6 times higher than ST.APX
was obtained. With the increase of ascorbate concentration in constant
concentration of H,0,, the activity of BM.APX and ST.APX increases,
so that the highest level of activity of both plant 0.5 units per mg of protein.
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A further increase in substrate concentration was associated with substrate
inhibition of BM.APX and ST.APX. The activity curve of APX in both
plant species is hyperbolic, which follows the Michaelis-Menten kinetics,
which indicates the high tendency of the enzyme to consume ascorbate.
The activity of ST.APX and BM.APX is inhibited by kojic acid and it is
non-competitive in both. Among the used chaotropes and surfactants, only
SDS activated the activity of ST.APX and BM.APX, and the activities of
ST.APX and BM.APX showed different sensitivities to the surfactants,
chaotropes and kojic acid. Despite the fact that BM.APX showed higher
activity than ST.APX in the presence of ascorbate and SDS, in the presence
of other factors, the rate of inhibition of BM.APX was higher than ST.APX
and showed higher percentages of inhibition. Urea and guanidine
hydrochloride as reducing agents showed an inhibitory role on ST.APX
and BM.APX. The activity of APX The results also showed that the
activity of ST.APX and BM.APX was inhibited by kojic acid and it was
non-competitive in both. Among the chaotropes and surfactants used, only
SDS activated the activity of ST.APX and BM.APX and its maximum
effect occurred at a concentration of 0.2 mM. On the other hand, in other
factors, the rate of inhibition and reduction of BM.APX activity was higher
than ST.APX, and with the exception of ascorbate peroxidase response to
kojic acid and sodium calate in strawberry, the enzyme response followed a
monophasic decreasing exponential.

Conclusion: In this research, ascorbate peroxidase takes a more active
form by following Michaelis Menten's kinetics and binding the substrate to
the active site of the enzyme, and by performing enzyme catalysis, it
causes ascorbate consumption in strawberries and blackberries. lonic
surfactants with an activation mechanism such as SDS and an inhibitory
mechanism such as sarkosyl and sodium cholate have different effects on
ascorbate peroxidase. Non-ionic surfactants such as kojic acid and
chaotrope agents reduce the activity of ascorbate peroxidase in both plant
species. The position of kojic acid is different from the position of
ascorbate due to the non-competitive type of inhibition.

Cite this article: Saeidian, Shahriar, Khaliliagdam, Nabi, Motahhari Nia, Mona. 2024. Quantitative
investigation of the effect of surfactants and chaotropes on ascorbate peroxidase activity in
strawberry and blackberry. Journal of Plant Production Research, 31 (3), 205-229.

@ Ol © The Author(s). DOI: 10.22069/JOPP.2024.21899.3088
Publisher: Gorgan University of Agricultural Sciences and Natural Resources




YRYY_Veoo il bLs _
VR LS aJod el idet du wid
YFTY-YVVA 0300 LLS G P RO L

=

E’-‘;:H'-‘u‘_:;ﬁ-i---rﬁ.'

Sl 98T Cudlad 19 gl Jolge g IS o il (05 oy
olw g g (K P05 33 jlwst 5

Tl e Uga a5 Dldnns Ll g

saeedyan@pnu.ac.ir ekl Ol sl OLe o siply oKl (5355w 05 8 Sl )
nkhaliliagdam@pnu.ac.ir :asbLl, .ol 5l Ol ¢ Ll o815 «(63,3LES 05,5 SLisls oJ stems ot 5 .Y

motaharinia.m68bio@gmail.com :asLLl, .0l 1 Ol g5 ¢ ool o&iils « JsSle Jghor olidcan s Ai)l wlis 5 Y

oS> Jlae Sl

. e

Gl s s 5SS el s Leilsb ) s cilis slaedo VT ol )3 ibda 5 bl A g g
3558 Bl 5 il Gl O 5 el A b Glagtepn S| gl R Tl B WL
AL IS I OS5 Ol sl gay s dgd 3l J%su@_msu@u,-\ Al e
sl il 5 0llE FBS e 3 e S ‘):J\J%S\b;ﬂ p—i)ﬂ Olge 4 APX
S JAS sbadsle ;s (H0) OS5 g dkeadonsSl, clale Vflg'; 453 APX sl P
4 S JALs VR W WT BIRGICH PO ICIVE ST ujj).)\:.amb.i APX .,LJJL:L;a
Cilizes gla s 55 APX e SloeSt 5T glags 51« la 25 ol s )
st oo ST B Glag 5l Jame sl 25 v oS slaedls

5 oada SMSI S sl ol (pes e Ol il RIS e O (ALS

VEeY/ AT :C.éb_,: @)U

VErY/2a/0 e Z&_‘ﬁj @JU
ERAAARSR-FEW IS

g

45;&\56[.&)[:?@):‘,{}.”1“\@@\@)&Q.wla&.....\;a\fﬁ;yyu:ujub)a_}.ﬁ ‘J_L‘
Sl s 5 S S8l

o Okws S sgely oKl Slides oKislsl s tass opl by, o slse
)_eb )l ol A 6Lﬁo}:ﬁ )l a)LA_O g e JwT DL ‘f—] “ akc..v P L}_{JJ.%Q}J
Sl s Bl Ok b Y Dyl 5 PH Y L e o) ol
ijij.?c e@ﬁ;&bﬂéuﬁulﬁsb)"&ﬁ\ SO LS\J" _libjf oslaiul Lg)liv“}ﬂ a.L'JS)L@A
LS, 5) (SDS) ol g fows 5 PR S by gkl 5l Oy 588 Jelse 0

4(@}: CALSL&)}M:) L}i)}s)u JYOB . ‘(Jﬁ @L’SL&)_}M) C)V}S V‘i""“‘r' (43 L(Jﬁ

Yoy



LAS s il S s epsl Y B 5 (G b SO G ) At 5 T g VB
38 15 Lt 3,50 BMLAPX 5 STAPX llas 5 1 oslid (S 5518 ol )
S S dows 4 APX Jles g5 HOp 5 Sl sSul il glac e i 55 s
Sl e o 4 APX @31 sl o e e Sl i3S e A
W5 o o b 5 b D S5 ad Sl D3 oS 4 a5 L addlas o)
(SAS) SRl s s Proc nlin « s, 31« e & 05 S5 sladie S5l sl s

A a S o e GraphPadPrism isle 5 5 (oSS (glec shas i) 5l

b s oe Woae PH el 5 5 (K305 5l ekd ag laoslas s tlaadl
s b Sl chle (Bl b ooy Kaos 5l 5 e Vs &g s SIS
Oliee VL S5 sb osls 0Lz Ll STAPX 5 BMLAPX colls HpOp ol clale
Jol 555 0 S oo 2 a1y v/0 Chile ;s BMAAPX olS 53 o (sl ﬁ;j Sl
5 3 Al S S s BMLAPX 5 STAPX il Jles omls oll
Cls SDS L5 ealinal 3550 SIS, s 5 55 Mol Obe Sl s B6
Sl Bl Ve b /Y Chle s 0T 56 anin 5 3500 Jls |, BMLAPX 5 ST.APX
S e STAPX & cs BMAAPX lad 2alS 5 S5 5lee Oy« olse Lo 5o
b 30 5 K30 55 VS e 5 deul S sS4 APX uly sliulas 5 03

S S SIS 2l ol b 5l e 5T sl else

el b 55 s e il St 5 o L APX ags ool s i S e
o e me 3l IO Bl Ly a8 S s WS T b sl | s
e b S Sy 35S o sl D5 5 SKRos 53 Sl G ian
Sl NS e 5 LSOl Oer SiSlee 055K 5 SDS Opres  Saisles
s ol S8 3 JVL sl (S e rﬂ}j 3 0350 Jasl APX (g5, 5 (Jslie
St LISl il A5 3 35 lenS] 4 G (§ 5 e Sl
APX =l (rals Eol SaiS les ok Sl bl S S 5 5556 Jole tiles 55

..,\.,':Jalcfs\.}}fj:ﬁ);

Cllad g LS Jalse g LaciliSTh s 5L (o g O F 1) ige s sidan oo el il et s 0l
XoO-YYR Y)YV o ol wyi slo yipgh 4 pid olw Og5 g (50,8055 10 oSy b oSl
DOI: 10.22069/JOPP.2024.21899.3088

@ (DS ks © OB S rmb @l 5 (559liS pole olStils 100

YeA



OlySon g ltarw ;b 0w [ o Jolge g BESLE Y gu pi G oS oy 0

Gty 3 Shes 5 bl i (Sl glis
st Sl 03 ek O ST laly Sl
oy o Ol Jols &S s clis kel
Sy S oasans! el Jio s Sl
R 6uﬁj-j 04 Jld e (SH) o idl e
SLalaS, ple 5 L858 il 55
Sl ol s gl 00 Ky o b &S ke |20
a3 SIS se 4 dls dema OS5 55 s
5ol s ISl O e oS clils oLl DNA
& 5 N 0) el DNA i, 5 Sles
Sl bl 3 Jlad 0301 ¢l i (glapelSa
plmil (S e 5 Cedlys S s Baes ok
5 dd Gl 5mSt ul Gl glinl, s S e
AreS g g eS| ST (sl 5T 5T SladISsl,
(GPX) 5l JSLE (SOD) b yonss
S 555 — ol Sals s (GR) US55, 055658
Si (APX) last, ob, Sl 5 (DHAR)
Slais d&a 55 (A) Lol sdge 5 1 e
Fo GeSI BT sl e il
Sy Dl Salssas Slens] by Sl
05568
Sl S Oz AL il sl

22 UsemandnSl e 5 5lSs,
Sl Tl a3 5w Ol o A a0
o5 oley e s el Jlesl i 4 GldenST 2
Ao 5 655 e Cosl diely ol 55 2 e
b olgd 5o 5 A5 Olgs 3 5 olS el 5 A
2 Sl i APX (A W5 slee ol Ol
2ol gslaenst s flia s LS slis éhw&
CI0. PPN LS PRNUE PR W S Wk ‘r‘-ﬂ o
AL glad s £35Sl 5SS S o g s
LsLAeJMSgng LLAQJJSJ (Q) 3-)':;;“ O )l
;.JT): LY 03¢ ‘}IL L;Jﬂsﬁd CJ)J\B L' Lj):k»ﬂj:&

Aoio

S Olse 4 (APX) Sluesty b, Sl

B i 53 otr S ST T sl 5T
APX sls s GbLis iy o3 0LS
035 o Situsp 03 S 4 Joate Jlitle b 285 5
it Coeal 3T SIS ol s Al &S
Oooder LSl chbls s APX 5,05
L HOz 5 o3y j5e oS sladsle 53 (H07)
e u"‘t‘f QLAMJWT}‘ Cxlos g s
— ol ST e 3 ATl Sl o S e
e 2l 03 48 355 e plail OS5 055U IS
S oy Ol Sl el i 0 S ekias fule
slaSt B  ly 5s olS S blis= ke
Sl esls Oli Sldlae (V) 355 e leda
5 80 5 Sllsisnl med Kile (g3daze Jal yo
5 A3l andly (A pslunS) (RS AL s Ll e
bl L 0568 e W sl
Lad o lanSl, Sl Sl il las 2T
doz 5 elS 55 Jaee gba 25 sl LT 5 T)
WbSas gl s (osd b hie b i
Slas sozms (il GlaokiSHlge 5 lacilsls s
b ke e Cj_;j woasl = s ol sl
Sl S p peites osb o4 LIPS s Jelse
S sl o 4 s LS, 5 Sy
oo e R e s anils 1 sl
Lol b ly LOly S Sl glad s
53 et s Dk 4 e Al e O] edle
33 CanS 4y e Jlie Ol g 4y 3,8 sl s
sdidsaw] Y pames sl 5 O 5SIN Jlisl 5 s
OH 5 H0p Op Jlb 058l Dpmen LS
35S (8) xS

&Lls .« (ROS=Reactive oxygen species)

J e S ol

L dedko Oged TR R KU



VLYY o,lm.f} ¥ 2,93 cuhlg‘f ..\.3)93 dl.buubgf Q)w

o il e OLLS 55 13355 ol lags s
APX Jzo laemS| ST slam 5T ¢ Jams sla i
Sl e Osmes LS e gl
4 S BT 5Tl s e Ol Al o
eed sl oS 3 s e S5 Oles Dke 5 D
A skl s sl ol Coeal 4
53 APX Tl ity sy S aalllas
2 a5 Jalse 5 LIS )y il sl

A S llele oy K poy

L %9, 9 3190

ply ol Sliied Rl s Ry ol
SRS s ol 53 s S Ll Sl S 5
s Rosaceae .« 5l 5 Fragaria sp. _.le el b
52 ek a5 Morus nigral. ole oU Lol = 5
3 e Bogs ol oslinad Jlg Jusd L3 Ol S
Aol 5 Sllus b 0 ol i 5 ghaad
G 2B e Sl L L S las
2 s Slae sn o jliae e Hske 4 AT Joew
PH V 55 N o) Slind-l m 3L s> s
L Jopdlp Ok Jod /oY Joloe 55
S sba bose 35, eliS ke Ol sen
Voot opifsen bl s S 0p) pen
o (V) Ad Gs Sl Yeerg Hes Loadds
A Sst Sle 1000 s el o Dle 4 L
el 5 ol ojlas Olye 4 VL Glad gl
mpl cdd Sl s sda gl e
Ao s (APX) last, byl
5,50 BMAPX) ol &5 55 5 (ST.APX)
S Sl g (YY) e S E esland
osleesl Bradford (Vava) sy, 5l bad ged a5
e Sl eslinad Loy clle 5 (08) as
oS et o 5 amilos (658 el 5l

oS IS e S

Yy

s Sl o pled sl 5 COlsS ) e
LS A Sl s Saet GRS (sl
Ol ix i g5 (pl e Glacpols o))
Olea b lacir 55 .58 oLl OF 0340 (6, SLis «
ez 5o gl 5l s (S8 G sbaeas s
i b gsda slaes S a0l sl s oS dnes
Sl LaedSSL 1w ol ks s
Wi ol Jliays 5 Ll W5 Sasas
Aol oYL Caslie LB L gl glad does
SESS ool (mr iy Coolt 5l sk
S, 5l ceolr al s cd e s ol
S8 Dl b s n SOT 5 ceal
Sy omb slachle s eSSt L e 5
dshe s
Sl 3 gms b g eSS 18 eslinal 350 A8l e
Gle blowls S Llle 5 L Sassy
Sl LotV S Olse & e (lapioem sS]
W LAl 0 s Npd e S K s gl

sle gy s gslalae

g Lol s s sl Js (Ol b AL
S 2 e Sl Lgd e 3l Gy lame
6}),{;&;‘1&Tetﬂﬁugduwb,\m}:w
3 sl S1SE ool 5 ALS Gbaa S gl
I e T sllae sla bl (o 5 akex
Wl}ﬂ&")ﬁ oA O‘l‘j\ ChAa u,uL.:l Q—l\
Sos 2 waSsE bl 5 oSt
Olse a slaasl, ol Sl
Olgn oworpr 5 Aib e QLS 55 a3 50 Lol
g‘”.)‘.])t"'l-w LS 8, sl sl oS plachale
OY 30 0 0) 558 005 mes 33,50 APX
S ol 25 s Gash ol Sl Gaa
INCHE TP

eyl 3 S

2 owarES Jelse s
S dlge 4 (APX) 5lasl, ol Sl

S


https://blog.faradars.org/%D8%A7%DA%A9%D9%88%D8%B3%DB%8C%D8%B3%D8%AA%D9%85/

OlySon g ltarw ;b 0w [ o Jolge g BESLE Y gu pi G oS oy 0

W3S IR s s 2SS Sl s G
Sy ol 1 st plal 8l
o 03 B eslindd e o e
VRPNt PP UV U IR
358 Jaalesl glas 5 O IS 4 e 4S oslizal
Sl (555 el el gla o 5K 0
b slacble 5o~ s BMLAPX ; ST.APX
N N ol b s 5 HiOp 5 ol S0
Gl s S el W pH Ll 5 olas
Srnf 5 Sn A GlSU, s Sl )
S b e gl 5l 8 el 50 s
(G 23165 5) (SDS) il oz 53 il
YU (G SSBsw) OV S ﬁ,u% G
ST VG (G S, 5 sS ol
Sl T b (s SOl ) A oy
oslitl (S35 58 Jalse) a8 5o ol S
Limis 3,50 BMLAAPX 5 STAPX =l 5 A2
53 o oslizul glasles e Olge 4 .23 8 15
30 @6 S 4 Sl L ss e gl s S
WN0 /) Gkl ey Cilie LY s S
Vs /A A IV e e /0 e Y /Y /Y
chle ja gl 5 allus jsb a b Ve L
Ws s ol 53 S esliiad o L 4w
23l Gl G DS 0 s kil
IS g o e e Bl (5 0 558 1K
OLSs sS85 o ) ealial 5558 L lde
AN Ve 005 a5 B L e i 5 02
b BMAPX , STAPX _aji olas
55 oder Sl ks s s S ST GBI gls i
(ol YA) b pme Dby Sl bgs o se Ik

A S e

AAR

o PH 05500 jaie ke 4 g PH s
Sosm Sk JS 53 6 SlaeS] Sl sSal s
35 Ve ke ) lind 3L 5,8 5 eslind
Clls e a8 eslizad V) G Y PH 63 s
Sl s 3l (26 Sl ) s> s 5L 8 APX
5 Dpme osb 4 OdadSly 5 ol
el oslas 512U slaie 5 PH o ol S8l
e S 3 Pl STy a sl S A S
Oy ade chle i glagme n oles bt
PH 2 55 28T adsl S s s 5 S sl
PH oo 55 ooy OF & byye PH e
S Jol oslas gl we PH e sk 4
o 5 pll GBI b w ol Dy 5 (S S
g sk JS 3 dels wg PH 5 s S
25 S 515 el

OW [P RS TE 51 KW JACH PP S RO | P RIS
L (EC 11 .1 .11 .1) slaesl,y ol Sl sl
5,5 (V4AV) Nakano and Asada x5, 3 esliw!
4 e opl @l (00) S35 15 6, Seslul
ok xS pon &S Sy byl gl e S Ol
Sl Slid 3L Ve ke Vel S
Ve sl L OSsdes LSty pH VA L Y e
e oolas Sl s S Ve e 5 Ve s
oy 3 Sl sk 4 oS s s
Culg 5 238 5 el 3ype e g Sl
Ol 5 b 3ty by Sl ol el
T Jsb s s Sl Sal Gl LS
s capp Sl S bos el YA
0 1 6 Seslul YA em T mM™

Al P Jlse 5 LIS e S
4 BMLAPX 4 ST.APX w}ﬂ ol (APX

5 ox SLESL s ol glackls o>



VLYY o,lm.f} ¥ 2,93 cuhlg‘f ..\.3)93 dl.buubgf Q)w

Y =intercept+ slopex x M

Dy 5 b1 sl 51 o0 @ Ol s a5 1glasS g3 Je
5 (Break point) i o alail G b gy Jde ol
Y ke e Sl L Jue i o akd Xo
o Do i 5 cute aiiea by s A Lslie o

ifx < xq M
y= a+b1XO

ifx > xq then y = a + b;xy + by (X — X

2 A gl Je 5SS el aled ke
Cld) b ke Slie S 355 e eslinal a2
S oMEe il 3 s b oy cbd8 L (sl
5k e Sl kS wsle b ol
S5 s o mee Ml s Yseme Yl
Cpdgr K3y JBlas i G Y SOl es
Al Sl ki 0 Y R s el ol

5l Osle e ol ¢4
Y = Pleatue + (Y. — Pleatue) xexp(—k x X) (v)

LS ol Y Jluis Jsla- Pleatue of 3 «
Yimax 35 o0 So35 ol 4 Y X lie 53 5l 53l
AOV) ol Jde rals s K5 Y Slade Sl
s e Vo 0 53 a5 1 el St Juko
chale [S] ol asls )3 Jsmame 0 |t g oS
(ol Sl S n St Vimax e s
Vmax/ ) Jatas 1650 5 e elilSe ol ki
5 Cl sl e ol GU NG

Vmax S
¥y = Vmax X1 ]/km+ [s]

(&)

Yy

Sz sS g 53 APX s Hlee g5 e
5 SlsSal cb slackle a5y bl
Ot Aol Sezr S ey APX s 655 HR0;
Lol S S i 05k APX b s S
Sl el Y Bl e s ()
JE e 3550 (Vs e ¥ 5 1)) Al S S
5 e kiSylee chls (RSl e el 6l 23S
503 OLSG DS 53 A 3 |ty Wb L
4 s, Vor Ol 4 gl ojlias 00580 L el
03 e Dl iS5 e el ST e e s sS
Srae Ol plul o sl YAr z5e Jsb
s oY e 0Ll 5 s S el Sl Sl
5 oS lge spam pde 53 sl S Gl S
G kel Sr S e B s gl o
oY e e Ve e Y5 Y e lils
S g U[S] e MV ojs0 0 S 555
g e (St AS1y g e Sns
YoV e glckl S culd ads
b gballe e s sl S sS ¥ se e
(v..jﬂ e g5 demsinl 5 008 ) s
D3 ot Pl Dlee g8 S RS e
aslee 5o 5 (KMIVMAX) il anle ox
5 S el (IVMAX) lis 51 550 el

R e R D RN SO TS
43Sl SlpsSal sl sl w0 e
woars boadlee sy glajles il gl
3 o e Sy aps bl Doy oS
o3lital 5550 0o S5 w5 S 4B S 0 8
Sl s Sobe Liash ol o

intercept o1 5 45 1 o> esle Ogaw S, ks
Slope .ail iwo =X 55 Y i 5l cul Osle
Sl X xze plp 0 Y e Ok ol 3



OlySon g ltarw ;b 0w [ o Jolge g BESLE Y gu pi G oS oy 0

el CIlad Dl gy oS sls 0l pH il
2SSk s il il sl (5 e
LaS oo (0 JS8) A8 o Som 1SS0
i L PH W B T el dass PH 21530
BM.APX &l +/+Y4 5 ST.APX (gl +/+YE
S a4 Oy Sl e 5 S e Iy 580
5 S AT 2=V CE LGS 5 s s UY)
S o3 (PH 2 s 8 ke 03 dxls) —o/eY
534S Gusk S e Iy a8 ol e ol
35 Jeo o a5l 53 s Sl Ve ssue pH
5 dhe ol s s el sl s
LobLool o dde ps i o el ol
sl s sy STAPX i 5.t BMAPX
PH « APX w3l 5tn Comles sdiasilis
NCHM R CJ ICI) RTINS N
WY i STAPX 5 BMAPX wugs PH ol b
oskie 4 hass bt ale 53 5 el fol>
SilSby s b 5 Sl Sl LA
S bekiSlee 5 oS Jelse o b S

(O Jsds) s S eslanal awg PH -l

w3l s St D S5 Gladde 25
3o 3 OV) SAS il 5 ks > Proc nlin
GraphPadPrism )\ 5le 5 5 5 S5 (5l slhas
Db b By ol s 00) ws i S e (VA)
Lol olg polis da mallb adsl slis 03 S 505
3yt 033 e pd GOl n SeS )
D S dshe bl Sl U eyl slie s
Llo Cedas el | JJJT,—:
oy g s
o 5 KSpos y APX W, pH
L APX s g PH o s & sl
33 HOp 5 o, Sl el glaclale 51 esland
5 BM.APX éumﬂ s Ve U Y slapH
Sl s g Gz Olsae LS (5, S5l ST.APX
Ol el YA s by Sl o APX ST
VAN CE S o) o IOV | PR P v TP LI
o 3 BMAPX (ol o eyl s 5058l
Cdld oS s p il 35t STAPX
csae > STAPX 5 BMAPX (slay sl

”.
5

(Strawberry)

== R
-&  (Blackberry)l. = ¢
v —r—r—v—
10 15

0.15- '

'

'

S I - :

28 A
n O A v

2010 Lee
3 =] / '
3 £ '
N '
. S_) [
X S 0.084 :
1 E ’ !
) =3 ]
/) '

7 :

0.00 vl

0 5 X0

(pH)

S g sl D 5o PH Gl 7 gl 53 5SSl Sl e -) S
Fig. 1. APX activity in different level of pH in Blackberry and Strawberry.

yyY



VLYY o)lm.f} ¥ 2,93 cuhlg‘f ..\.3)93 dlbuubgf Q)w

3ol Sal il glachle a3 w3l
S (T USE) a8 e s SIS U S
b sl b o Sl Sl 5050 Ll
03 VOt b Ve s v/0 L, ST ks
2SR p Sk 03 Al M (S
e sl sl g s (LSl Ve L
A3 0/0) G aad 4 Oy 3 e 5 LS s
=M 5 (S 53 =Tt b (LS
(b5l Ve oo 085 ¢ S ke 0> 215)
5 BM.APX duwﬂ GO0 (PR TRCIIC B
Sl il ol A8 e Iy 2als ST.APX
0> i 53 Al ook s e Jgl o 3 sl
ol 5 55 STAPX 5l 5t BMAPX s Jus
Sl Sal 4 APX 5T 5k el SO
RN O P CECTiDTRCHN N RGP T A
Clale 53 55 ek 53 pa s iyl cled wty S0l

0.06-

0.04+

o) 2

0.00 T

e -
— b A D

s

7 Rl Ao
Unit per mg protein

L APX el 5 ol Sl Gl s S
Sy Ve e Ve Bl ol Sl clale sl
ST.APX , BM.APX (,.i)-ﬂ 55 a5l gl
AML:A ‘}:L;Y J&i)} ol V.':\NJ: )‘J}m; ‘JAL\N‘JJ
b chle s ol Sl cble alpl b ocl
VJJJT 3 o Sl W oae pH s 5 HOo
el ol e ilssl L ST APX 3 BMLAPX
@ QL)}K&JT )‘YJAL;L:A o chle BE 456)}]9
d=ly /00 o BMAAPX e Ol o 5YL
&\Jﬁ‘ .b‘.} QLJ,.: ‘) U’l's}ﬂ f;Lf\’:AJJJ‘}U '/'f.
skasOlis aS 54 ol e ("»J"T 33 A Cled sl
o5l 5 ST APX 5 BMAAPX Ll s Slgs
3 b 05 S5 U e il e bl
shle le:,.q 53 1, ST.APX s BMLAPX s

Clles Sl ks Ky, a8 sl Olas ol Sl il

—o- Strawberry) S o
(Blackberry .. & ¢

0.0 0.3

X0 0.6 0.9 1.2

(Ascorbat,mM)cL, S|

SRR g o S s Sl sl il lals T 53 STy Sl Sl Il - IS
Fig. 2. APX activity in different level of Ascorbat in Blackberry and Strawberry.



OlySon g ltarw ;b 0w [ o Jolge g BESLE Y gu pi G oS oy 0

ol S5 5 K g 45 SDS 5 b, Sl PH it b 53 APX b Ol 1o 4 (6145 95 dds B3l 2 Y Jar

Table 1. Fitted Segmented model coefficients of APX activity vs. different level of pH, Ascorbat and SDS in
Blackberry and Strawberry.

(sl & 55) Blackberry (K e 5) Strawberry
SDS Ascorbate PH SDS Ascorbate PH
102.4 0.0084 -0.07 100.4 0.0046 -0.06 (el 51 5 ,¢) Intercept
20.3 0.088 0.029 10.65 0.075 0.024 (e 3l ) by
-18.22 -0.058 -0.034 -8.13 -0.036 -0.032 (Jde £9° ) by
0.2 0.5 6.7 0.2 0.5 6.7 (U i o ahai) X
0.83 0.97 0.96 0.96 0.96 R?
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Table 2. Kinetics parameters of APX activity in presence of different concentration of H,O, and Ascorbat in
Blackberry and Strawberry.

Cataly_tic efficiency _ Vmax _ Km (| 5z s-) Subestra
(unit/mg.mM) (unit/mg protein) (mM)
0.25 0.05 0.2 ; BM.APX
0.16 0.04 0.18 ST.APX
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Fig. 3. APX activity in different level of SDS in Blackberry and Strawberry.
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Table 3. APX activity of Blackberry and Strawberry in different concentration of ionic surfactants.

e .
Effect type (Al o)
1C50 Concentration levels
(Ss)Hlgs)  (Sasdbs) (mM)
Inhibitor Activator
0, 0,
0.45 75% 66% o1 (W yoe s 33 ﬁ,\w) BM.APX
05 44% 20% SDS ST.APX
4.46 80% - BM.APX . s
10 30% - Na.Cholat ST.APX lon sufectants
25 72% - BM.APX
L
0-0.3 (Je sl
15 45% - Sarkosyl ST.APX

S| 5T b b Ol Olas ks 42 b OS]
500 umol TE/g olw &5 5l 5 s ol (ol
sl S8 Ver umol TE/g K poys ol
Cd b Ol 0350 VL @ a5 L LOVY 5 YY)
SAOS 4 S b S5 5 S|
ol 0 Jled o s e s APX Jled Ol s

il plar 5 STAPX « oo BMLAPX

YyY

s 3 gl SilSlysw Olge 4 SDS

S35 SHSds 1 HOp 5 Sl Sl (6l s g
Ol .ol 0303 0Lz BMLAPX 5 ST.APX e
5 s S5 53 APX (55, 2 SDS  Sasdles
Aoy bl 4 oS Gl S 4 cl coslie ol
Ll (S~ BM.APX>ST.APX abayl, Sausdles
Oxygen Radical Absorbance ) ol bl

Jsl, wls e b s ORAC (Capacity



VLYY o)lm.f} ¥ 2,93 cuhlg‘f ..\.3)93 dl.buubgf Q)w

LS o G GBS Ll Lld Ju S
ST.APX mﬂ b ol L, (8 IS8)
VS e chle LIHIL S Cl pae n
Aoy Vot Oge & il Cdlad Olps cdagmes o
My Sl Y8 i Ve e Rl sk
N s b (Y ) AS
SV b e slackle 4 ST.APX w;i
S g SBST e glod Jo S 1 a3
o ke 10700 Clale 3 0 5T ol s OF s
SV chle Sepl e ol sty DY S R
s ol ¢l (Half time) oY $ R
Ge s e Sl Ay 00 4 BMLAPX
Vo ldie STAPX (gl 5 Ve ks £/87 il
S me oy (Y dsax) As SLosss SV e e
a4 eyl cdl dsns dackle ) s
R I R -
SalS i S ey SRS il is oS
chle Naakay N0 Sl 5wyl ol
Al 5SS e e s A Ll VS mae
& il S el s G ot s S

(& dpdr) ol las ilies & slas

Olge 4 APX cdls  oYS wmae
VS s Sl ey sk 4 i g CILSB) g
<ot cble 5l ST APX 5 BMAAPX ke
HoOp ol chle 5 Vs o o/F ol ST
Cllid Aoy 4 bae b o LS eslindd
S das e 0lis b Ss 55 ST APX 5, BMAAPX
w55 Sl SV e Bl GBI L
S8 ks o oo ST APX 5 BMAPX
Slr Aoy T Jals L (Y58 e 52 pls)
o o ST.APX (gl 5 dsjs Ar ials 5 ST.APX
BM.APX = leé (gl » abol> jlide o 508 .o
S Yo ke V0 s 3T 53 8 ol STAPX
S Sl S5 4 Y el e 4 DY S o
oo 10 SVS e s Gl chls
0r Ll Col S al S S 51 pkle el
s OlsSal pa 5 w3 S APX s
Sl DYsehe HEN Dolas OS5 AS]
2wl STAPX (sl Nge e Vo 5 BMLAPX
=t sl ST.APX r‘—iﬂ s Sl i Ly
Sl s ease G edle h3 05 S

-8 (Strawberry) Kb = o
-~

(Blackberry v = &

150-
3 2 100
J g
2
50—
Pleatue
0 T

OHalf time 10

T T 1
20 30 40

(Na.CholatmMicy s .

P g g ol g s NS oot iitee B o 53 ST Oy sl e -t S
Fig. 4. APX activity in different concentration of Sodium cholat in Blackberry and Strawberry.
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Table 4. Fitted one phase expotetial decay model coefficients of APX activity at different concentration of
surfectants in Blackberry and Strawberry.

(ol & ) Blackberry (LS5 ) Strawberry
KO!'C Sykosyl  Na.Cholat Urea  Gn.Hcl KOJ'C Sykosyl Na.Cholat Urea  Gn.Hcl
acid acid
4.S) Pleatue
98.97 100.9 99.62 102.2 103.3 - 101 - 103.6 103.3
(Jole oIl
9.91 15.6 19.63 0.91 -3.56 - 45.61 - 15.55 17.13 (Je ) K
Halftime
0.703 0.075 0.155 0.157  0.119 - 0.039 - 0.098  0.056 .
(o 4a)
iy awls) Span
0.985 13.18 4.46 4.41 5.82 - 17.68 - 7.04 12.23
(Cdleé S
4«3-«’«:‘) Ymax
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(Jole oIl
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Fig. 5. APX activity in different concentrations of sarkosyl in Blackberry and Strawberry.
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Fig. 7. APX activity in different concentrations of Tween 80 in Blackberry and Strawberry.
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Table 5. Fitted one phase expotetial decay model coefficients of APX activity at different concentrations of
Tween 80 and Tween 20 in Blackberry and Strawberry.

(ol & ) Blackberry (K e 55) Strawberry

Tween 80 Tween 20 Tween 80 Tween 20
102.9 105.2 105.8 100.6 (Jole wdled i) Vinax
25.22 33.23 32.14 50.41 (Jole . Jlad a05) Pleatue
41.86 58.9 75.71 25.11 (U ) K
0.016 0.011 0.021 0.027 (;»e 4ay) Halftime
80.56 71.99 75.71 50.24 (Cdled S 5 ain als) Span
0.99 0.95 0.99 0.98 R®

(S5 rf GBS o s gl 53 ST.APX) (K g 5 BMAPX) ol &5 53 5ldenS 1 S Sl dlad 1 J gt
Table 6. APX activity different level of non-ionic surfectants of Blackberry and Strawberry.

Gles) .
Effect type o o)
IC50 Concentration levels
(SaSile)  ((Sasds) (mM)
Inhibitor Activator

0.025 51% - BM.APX
0-0.07 Tween 20

0.02 60% - BM.APX Non-ionoc sufectants
0-0.07 Tween 80

0.015 67% - ST.APX

Yy
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Fig. 8. APX activity in different level of Urea in Blackberry and Strawberry.
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Table 7. APX activity in.different level of Chaotrops agents in Blackberry and Strawberry.

G e

(ks )
Effect type C)JM
1C50 Concentration levels
((SS)lge) ((Sass) (mM)
Inhibitor Activator
6 98% - oyl BM.APX
0-30 (60
8 76% - Urea ST.APX (05,555 Jolse)
6 50% - 0.30 (1S 5508 bl 55) BM.APX  Chaotrops factors

10 90% -

Gn.Hcl ST.APX
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Fig. 9. APX activity in different level of GN.Hcl in Blackberry and Strawberry.
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Table 8. APX activity in.different level of kojic acid in Blackberry and Strawberry.

Gles)
(Al )
Effect type
1C50 B B yP Concentration levels

(QSJ.:.SJLL%) (QSA_MS_)L«) Gles g9 (mM)

Activator Inhibitor
1 (822) 91% - BM.APX

Non competitive 0-7 (Al K= 55)
LG kojic acid

3 (82) 91% - ) ST.APX

Non competitive

AN



OlySon g ltarw ;b 0w [ o Jolge g BESLE Y gu pi G oS oy 0

SLohl 53 (KA 5 5lamS Sl Sl Sl Ol s 4 o3l a3 g 55 Jbe Jbe 3310wl -8 i
el Sz 5 5 VS e s

Table 9. Fitted simple linear regression model coefficients of APX activity in different concentrations of
sodium cholat and kojic acid in Blackberry and Strawberry.
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